Background: Beclin-1, a key regulator of autophagy. Microtubule-associated protein 1 light chain 3 (LC3), is involved in autophagsome formation during autophagy. The autophagic genes beclin-1 and LC3 paly an important role in the development and progression of tumor. This study was designed to investigate the expression of beclin-1 and LC3 and to clarify their clinical significance in hypopharyngeal squamous cell carcinoma (HSCC).
Introduction
Autophagy, a type of non-apoptotic cell death, is characterized by the delivery of cytosolic materials and organelles to lysosomes for bulk degradation [1, 2] . It is implicated in tumor growth and progression, and has been explored as a potential therapeutic target [3, 4] . Approximately 30 genes have been identified to regulate autophagy in yeasts, with 16 homologues in humans [5] . Among these, beclin-1 and LC3 (microtubule-associated protein 1A/1B-light chain 3) play important roles in autophagy in mammalian cells [6] . Beclin-1 is a mammalian orthologue of the yeast Apg6/Vps30 gene [7] , and beclin-1 functions as a scaffold for the formation of the PI3K complex, one of the first components recruited during the development of autophagosomes [8] . LC3 is a mammalian homologue of yeast Atg8 [9] . It is activated and processed by an ubiquitination-like reaction, and is regulated by Atg3 and Atg7 [9] . LC3 consists of a soluble form, LC3-I, with a molecular weight of 18 KD and a lipidated form, LC3-II, with a molecular weight of 16 KD, and has three isoforms, LC3A, LC3B, and LC3C in mammalian cells. LC3-II and the LC3B isoenzymes are implicated in autophagy [10, 11] . Various stressors, such as hypoxia, starvation and chemotherapy, upregulate LC3 expression and promote the binding of cytosolic LC3-I to phosphatidylethanolamine to form autophagosome-specific LC3-II [10, 12] . Therefore, LC3, especially the LC3-II is considered a reliable marker of autophagy.
Aberrant expression of beclin-1 and LC3 has been documented in several solid tumors, including human colon cancer [13] , melanoma [14] , ovarian cancer [15] , lung cancer [16] and brain cancer [17] . Liang et al. reported reduced beclin-1 expression in human breast cancer tissues [18] . Clelia et al. revealed that beclin-1 was significantly decreased in human melanoma [14] . Furthermore, Beclin-1 down-regulation linked to autophagy defect may be associated with malignant phenotype and poor prognosis of hepatocellular carcinoma [19] . However, the expression of beclin-1 and LC3 has not been characterized in hypopharyngeal squamous cell carcinoma.
Hypopharyngeal cancers are usually squamous cell carcinomas, and have the worst prognosis among head and neck cancers. Despite the best therapeutic regimen currently available, The 5-year survival rate is estimated to be at 25% to 40% [20] . Lack of diagnostic and prognostic markers hampers the management of this dismal disease. We hypothesized that beclin-1 and LC3 are aberrantly expressed in hypopharyngeal squamous cell carcinomas. In the current study, we examined the expression of beclin-1 and LC3 at both the mRNA and protein levels in hypopharyngeal squamous cell carcinoma tissues and paired non-cancerous tissues and further studied whether beclin-1 and LC3 expression correlated with patient clinicopathological characteristics and prognostic factors.
Materials and Methods

Ethics Statement
The study protocol was approved by Ethics Boards of Qilu Hospital (the permit numbers is 12040), and tissue specimen acquisition was carried out in accordance with the institutional guidelines. All subjects signed written informed consent, and this consent procedure was approved by Ethics Boards of Qilu Hospital.
Patients and tissue specimens
82 surgical hypopharyngeal squamous cell carcinoma specimens and 54 adjacent non-cancerous mucosal epithelial tissue specimens were obtained from patients who were admitted to the Department of Otolaryngology, Qilu Hospital, Jinan, China, between March 2009 and July 2011. The specimens were divided into two parts, one part was stored in liquid nitrogen immediately for total RNA and protein extraction, and the other was fixed in 10% buffered formaldehyde for immunohistochemistry. All subjects were smokers or drinkers. Patients who received neoadjuvant chemotherapy or radiotherapy were excluded from this study. Diagnosis and histological typing were carried out by two experienced pathologists according to the World Health Organization classification [21] . Tumor staging was based on the International Union against Cancer (UICC, 2002) TNM classification.
Patient demographic and clinicopathologic characteristics are shown in Table 1 . The median age of the patients at the time of diagnosis was 59.5 (range, 38 to 76years) years with a male predominance (91.5%). Almost three quarters (75.6%) of the carcinomas were advanced stages (III-IV) and 72.0% had a moderate to poor degree of differentiation. All patients received post-operative radiotherapy in this study. The time of follow-up was calculated from the date of operation. The median patient follow-up duration was 24 months (range, 4-46 months).
Real-time reverse transcriptase polymerase chain reaction (RT-PCR)
Total RNA was extracted using Trizol reagent (Invitrogen, Carlsbad, CA). For first-strand cDNA synthesis, 1 µg RNA was reverse transcribed with 100 units of PrimerScript Reverse Transcriptase (Takara Bio, Dalian, China) and 50 µM Oligo dT Primer (Takara). Then, cDNAs were subjected to quantitative real-time PCR analysis. The sequences of the primers used in the current study were previously reported [19, 22] and were as follows:
beclin-1, 5'-AGCTGCCGTTATACTGTTCTG-3' (sense), and 5'-ACTGCCTCCTGTGTCTTCAATCTT-3' (antisense); LC3-II, 5'-GATGTCCGACTTATTCGAGAGC -3' (sense) and 5'-TTGAGCTGTAAGCGCCTTCTA-3' (antisense); GAPDH, 5'-TGAACGGGAAGCTCACTGG-3' (sense) and 5'-TCCACCACCCTGTTGCTGTA-3' (antisense) [19, 22] . Realtime PCR was performed using an ABI 7900HT Sequence 
Western blotting assays
Proteins were extracted in RIPA lysis buffer containing 50 mM Tris (pH 7.4), 150 mM NaCl, 1% Triton X-100, 1% sodium deoxycholate, 0.1% SDS and protease inhibitor cocktail, and separated by 10% SDS-PAGE. The immunoblotting procedure was performed as previously described [23] . Briefly, Separated proteins were transferred to polyvinylidene fluoride membranes (Millipore, Boston, USA), and incubated with primary antibodies overnight at 4°C. The following antibodies (all from Abcam, Cambridge, UK) were used for the procedure: rabbit polyclonal anti-beclin-1 antibody (ab55878), rabbit polyclonal anti-LC3B antibody (ab63817) and mouse monoclonal anti-actin antibody (ab3280). Membranes were then incubated with horseradish peroxidase-conjugated antibodies (DAKO, Copenhagen, Denmark), and visualized using an Odyssey Infrared Imaging System (Li-Cor Biosciences, Lincoln, NE) and normalized against β-actin.
Immunohistochemistry
For immunohistochemistry, 4-µm thick sections of 82 tumor tissues and 54 adjacent normal mucosal epithelial tissues were deparaffinized and rehydrated, and antigen retrieval was carried out by microwave treatment of the slides in 50 mM Tris-EDTA (pH 9.0) for 20 min. Endogenous peroxidase was quenched with 3% hydrogen peroxide for 15 min at room temperature. Non-specific binding was blocked with 10% normal goat serum for 15 min. The slides were incubated with rabbit polyclonal anti-beclin-1 antibody (ab55878) or anti-LC3B antibody (ab63817) (both from Abcam) overnight at 4°C, respectively. Sections were then incubated with a biotinylated secondary antibody (Jingmei Biotech, Jinan, China) in 37°C for 15 min, and then with peroxidase-conjugated streptavidin for 15 min. Chromogenic reaction was carried out in 3,3'-diaminobenzidine tetrahydrochloride (Zsbio, Beijing, China) for 5 min. Slides were counterstained with hematoxylin. For negative controls, the primary antibody was omitted.
Staining was evaluated under a light microscope independently by two experienced pathologists blinded to patient clinicopathologic data. Beclin-1 reactivity was expressed as granular and diffuse cytoplasmic and membranous staining and evaluated according to intensity and proportion. The intensity of staining was scored as follows: 0, negative; 1, weak; 2, moderate; 3, strong. The percentages of beclin-1 positive cells were recorded as previously reported [24] into five categories: 0 (≤5%), 1 (6-25%), 2 (26-50%), 3 (51-70%) and 4 (>70%). The index of immunoreactivity was calculated by adding the intensity score and the proportion scores. Beclin-1 positivity was defined as an immunoreactive score of at least 4. LC3 positivity was defined as brown staining in the cytoplasm and occasionally in the nuclei. The proportion of LC3 positive cells were scored into four categories: 0 (≤5%), 1 (6%-25%), 2 (26%-50%), and 3 (>50%). A score of 0 to 1 was defined as low expression, and a score of 2 to 3 as high expression. The photographs were taken using a Leica digital microscope color camera (DFC295, Germany) at 20 xmagnification of objective lens by Leica light microscope (DM2500, Germany) with a total magnification of 200 x.
Statistical analysis
Statistical analysis was performed using the GraphPad Prism 5.0 (GraphPad Software Inc., USA) and SPSS 16.0 (SPSS Inc., USA). Wilcoxon matched pairs test was used to compare mRNA and protein of LC3 and beclin-1 in tumor vs. non-tumor tissues. The relationship between categorical variables was analyzed by Chi-square test or Fisher's exact test. Spearman's test for non-normal correlation coefficients was used to evaluate the correlation between beclin-1 and LC3 expression. Overall survival curves were drawn using Kaplan-Meier method, and differences between the curves were analyzed by the log-rank test. Univariate and multivariate analyses of prognostic factors were performed by the Cox proportional hazards regression model. For all tests, a two-sided P value <0.05 was considered statistically significant.
Results
Beclin-1 and LC3-II are downregulated in hypopharyngeal squamous cell carcinoma tissues
We examined the expression of beclin-1 and LC3 in hypopharyngeal squamous cell carcinoma tissues by immunohistochemistry. Beclin-1 and LC3 were observed mainly in the cytoplasms or cytomembranes of hypopharyngeal squamous cell carcinoma cells and adjacent normal squamous epithelial cells. In addition, LC3 was occasionally found in the nuclei of cancer cells and normal epithelial cells. Beclin-1 was positively expressed in 42.7% (35/82) of the hypopharyngeal squamous cell carcinoma specimens, which was markedly lower than that of adjacent non-cancerous tissues (79.6%, 43/54) (P<0.0001) ( Figure 1A and 1B and Table 2 ). Furthermore, high LC3 immunoreactivity was 41.5% (34/82) in the hypopharyngeal squamous cell carcinoma specimens as compared with 74.1% (40/54) in adjacent non-cancerous tissues (P=0.0002) ( Figure 1C and 1D) . These findings suggest that beclin-1 and LC3 expression is significantly downregulated in hypopharyngeal squamous cell carcinoma tissues.
Tissue specimens were immunohistochemically stained for beclin-1 and LC3 as detailed in Methods. Beclin-1 reactivity was expressed as granular and diffuse cytoplasmic and membranous staining and LC3 positivity was defined as brown staining in the cytoplasm and occasionally in the nuclei. To confirm the above findings, we further determined the expression of beclin-1 and LC3 in 54 paired hypopharyngeal squamous cell carcinoma tissues and adjacent normal tissues. Our RT-PCR assays showed that the mean mRNA transcript levels of beclin-1 were 0.016±0.004 in hypopharyngeal squamous cell carcinoma tissues and 0.024±0.005 in the adjacent normal tissues (P<0.0001) (Figure 2A ). The mean mRNA transcript levels of LC3-II were 0.154±0.053 in hypopharyngeal squamous cell carcinoma tissues and 0.242±0.083 in the adjacent normal tissues (P=0.0001) ( Figure  2B ). A positive correlation was observed between the mRNA transcript levels of beclin-1 and LC3 in hypopharyngeal squamous cell carcinoma tissues (r=0.51, P<0.0001; 95%CI: 0.273 to 0.689).
Data were shown as mean±SEM. The mRNA levels of (A) beclin-1and (B) LC3-II were detected by real-time PCR in 54 HSCC tissues and matched adjacent non-tumor tissues. The protein levels of (C) beclin-1 and (D) LC3-II were analyzed by Beclin-1 and LC3 in Human Hypopharyngeal Carcinoma PLOS ONE | www.plosone.orgWestern blotting assays of 10 paired HSCC tissues. β-actin was used as an internal control. (E) Relative low levels of beclin-1 and LC3-II protein were found in tumor tissues.
We further examined the expression of beclin-1 and LC3-II by immunoblotting assays. Similarly, the protein level of beclin-1 was markedly lower in the hypopharyngeal squamous cell carcinoma tissues (0.308±0.031) than in paired normal tissue (0.569±0.068) (P=0.02) ( Figure 2C ). Additionally, the protein level of LC3-II was also markedly lower in the hypopharyngeal squamous cell carcinoma tissues (0.289±0.034) than in paired normal tissue (0.685±0.076) (P=0.004) ( Figure 2D ).
Low beclin-1 and LC3 expression correlates with tumor stage and lymph node metastasis
We analyzed whether beclin-1 and LC3 expression in hypopharyngeal squamous cell carcinoma tissues correlated with patient clinicopathologic characteristics. The associations between beclin-1 and LC3 expression and clinicopathologic factors are presented in Table 3 
Association of beclin-1 expression, LC3 level, and overall survival
To investigate whether beclin-1 and LC3 could be predictive for the overall survival of hypopharyngeal squamous cell carcinoma patients, the Kaplan-Meier analysis was performed, which showed that the overall survival rates of patients with beclin-1 negative tumors was significantly lower than of patients with beclin-1 positive tumors (P<0.0001) ( Figure 3A) . The 2-year overall survival rates for beclin-1 negative and beclin-1 positive patients were 31.1% and 84.4%, respectively. Furthermore, patients with low LC3 level had a significantly poorer prognosis than high LC3 patients (P=0.0145) ( Figure  3B ). The 2-year overall survival rates with low and high level of LC3 were 42.2% and 68.5%, respectively. Univariate Cox regression analysis summarized in Table 4 showed that clinical stage (P=0.0009), T stage (P=0.0038), lymph node metastasis (P=0.0007), beclin-1 expression (P<0.0001) and LC3 level 
Discussion
In the present study, we revealed for the first time that both beclin-1 and LC3-II are significantly downregulated in hypopharyngeal squamous cell carcinoma tissues compared to adjacent normal mucosal epithelium tissues. Beclin-1 and LC3 were mainly located in the cytoplasm or on the cell membrane in both hypopharyngeal squamous cell carcinoma cells and squamous epithelial cells in adjacent non-cancerous tissue with occasional expression of LC3 in the nuclei. Autophagy is implicated in tumorigenesis and tumor development [25] . Beclin-1 plays an important role in autophagy, differentiation and apoptosis of cancer cells [26] . Liang et al. reported lower expression of beclin-1 in human breast cancer cell lines and tissue [18] . Clelia et al. reported decreased beclin-1 mRNA and protein in human melanoma [14] . The loss of beclin-1 expression was correlated with poor prognosis in colonic carcinomas [13] , lymphomas [24] and hepatocellular cancers [19] . In contrast, overexpression of beclin-1 has been reported to correlate with progression of gastric and colorectal cancer [27] . Giatromanolaki et al. reported high beclin-1 expression was predictor of poor prognosis in endonetrial adenocarcinomas [8] .
In this study, we found lower expression of beclin-1 in hypopharyngeal squamous cell carcinoma tissues vs. adjacent non-cancerous tissues at both the mRNA and protein levels. We further demonstrated that decreased expression of beclin-1 has been correlated with advanced clinical stage and T stage, poor differentiation, and lymph node metastasis. Moreover, survival analysis showed that tumors with negative beclin-1 expression had a significantly poorer overall survival, beclin-1 was an independent prognositic factor. Therefore, these results might help us to determin the prognosis of patients according to the expression of beclin-1. Several mechanisms that describe how autophagy induced by beclin-1 prevents cancer can be considered. First, there is death by autophagy. Second, autophagy can eliminate damaged organelles to remove the sources of genotoxic materials including damaged DNA products, which prevent oxidative stress from damaging the organelles. The inhibition of tumorigenesis by autophagy is also derived from the capacity to negatively regulate the proliferation of cells [18] .
The lipidated form of LC3 (LC3-II) is recruited to the autophagosomes [10] . Consistently, we found that low LC3-II expression has significant association with more advanced T stage, poor differentiation, lymph node metastasis and poor prognosis in HSCC patients. Additionally, the mRNA and protein levels of LC3-II were lower in hypopharyngeal squamous cell carcinoma tissues than in adjacent noncancerous tissues. This finding is consistent with previous Beclin-1 and LC3 in Human Hypopharyngeal Carcinoma PLOS ONE | www.plosone.org findings in brain and ovary cancers [15, 28] . However, Yoshioka et al. reported increased expression of LC3 in esophageal and gastrointestinal neoplasms [29] . We therefore speculate that the status and role of LC3 expression vary across tumor types. Further research should be directed at determining whether and how the autophagy gene LC3 inhibits or promotes tumorigenesis. Thus far, much of research on hypopharyngeal cancers is focus on apoptosis. Apoptosis and autophagy are both selfdestructive processes. Both have been considered as programmed cell death, with apoptotic cell death labeled as type I and autophagic cell death as type II cell death [29] . Recent evidence suggests that autophagy and apoptosis are regulated by common upstream signals and share common components (e.g., the Bcl-2 family members and P13K/Akt signaling pathway) [30, 31] . With regards to cancer development and treatment, inhibiting apoptosis may cause autophagy in some cancer cells [32] , but triggers apoptosis in other cancer cells [33] . Recent studies have shown that defective autophagy synergized with defective apoptosis results in increased DNA damage and genomic instability that ultimately facilitates tumor progression. Therefore, autophagy and apoptosis may play an important role in tumorigenesis and tumor progression [19] . In the present study, for the first time, we revealed the potential prognostic significance of autophagy genes in hypopharyngeal squamous cell carcinoma.
Conclusions
We demonstrated that the expression of both beclin-1 and LC3-II are significantly lower in hypopharyngeal squamous cell carcinoma tissues than in adjacent non-cancerous tissues. Furthermore, beclin-1 and LC3 expression was associated with certain clinical characteristics such as tumor stage, differentiation and lymph node metastasis, and had significant impacts on the prognosis of hypopharyngeal squamous cell carcinoma patients, beclin-1 was an independent prognositic factor for overall survival. These results suggest that the autophagic genes beclin-1 and LC3 play an important role in the progression and prognosis of hypopharyngeal squamous cell carcinoma, and could be novel therapeutic targets for future treatment of human hypopharyngeal squamous cell carcinomas. However, further studies of larger scale are necessary to verify the preliminary findings in this study. Beclin-1 and LC3 in Human Hypopharyngeal Carcinoma PLOS ONE | www.plosone.org
